Objective: To test the validity of a colour food photography atlas for quantifying portion size eaten compared with weighed foods. Design: The colour food photography atlas was prepared by cooking, weighing and taking digital photographs of three portion sizes of 434 foods and beverages typical of the Italian diet. Subjects and interventions: In all, 448 male and female volunteers aged 6-60 y from a wide variety of social backgrounds completed 9075 assessments of food portions eaten at lunch and dinner in relation to a set of colour food photographs during 8 weeks of investigation. The amounts of foods eaten by individuals in five different cafeterias in Pavia, Northern Italy, were weighed by trained investigators at the time of serving and, within 5-10 min of the end of the meal, each subject was asked to quantify all foods consumed with reference to one of the three food photographs or in terms of virtual portions among those shown in the photographs.
Introduction
One of the main errors that occurs in the measurements of food consumption in dietary epidemiological survey is the assessment of portion size. The most accurate method for measuring food intake is weighing foods before and after eating (Wolper et al, 1995) . The disadvantages of this method, called 'the weighed method', are that it is time consuming, costly and disruptive (Wolper et al, 1995) , and there are many circumstances in which scales may not be available. Moreover, in the epidemiological survey where a lot of people are involved, using this method becomes increasingly difficult.
Aids that have been used to help individuals to describe amounts of food eaten include portion-size models and photographs. Typically, photographs are taken of small, medium and large portions, which are judged to be representative of the range of portion sizes actually consumed. Subjects are then asked to choose the photograph that best reflects either their usual portion size or the actual portion size, depending on the dietary survey method used (eg food frequency questionnaire (FFQ) vs dietary recall). Alternatively, a single photograph of average portion size is shown and subjects are asked to estimate their own portion size as a fraction or multiple of the amount displayed in the photograph.
A number of studies reported the benefits of using photographs to help individuals in estimating portion size (Morgan et al, 1982; Rutishauser, 1982; Chu et al, 1984; Guthrie, 1984; Samet et al, 1984; Byers et al, 1985; Pietinen et al, 1988a, b; Edington et al, 1989; Lee & Cunningham, 1990; Hankin et al, 1991; Tjonneland et al, 1991; Faggiano et al, 1992) . Guthrie (1984) reported that between 14 and 67% of assessments of food portion size were in error by more than 50% when no aid was used. Pietinen et al (1988a, b) compared estimates of nutrient intake from weighed records with those from a quantitative FFQ administered either with or without photographs. The use of photographs improved the level of agreement between the FFQ and the weighed records. Faggiano et al (1992) validated the use of photographs of 23 different dishes in 103 adult volunteers comparing weighed method with estimation of consumed dishes by photographs. The volunteers overestimated the portion size by more than 20% for six foods and underestimated the portion size by more than 20% for four foods. The authors found a tendency toward overestimation of portion size by those who ate smaller portions and underestimation by those who ate larger portions ('flat slope syndrome').
The number and sizes of photographs used to depict food portions varied among studies. Robson and Livingstone (1999) using single portion size colour photographs reported that it may be a useful tool, even though some of the food photographs were more effective than others at helping subjects to describe accurately the amounts consumed. The authors concluded that increasing the number of photographs to four or more per food may help to improve reporting accuracy.
For a subject, the assessment of food portion sizes from photographs includes three main elements (Nelson et al, 1994 (Nelson et al, , 1996 : perception, conceptualization and memory. Perception involves a subject's ability to relate a quantity of food that is present in reality to an amount depicted in a photograph; conceptualization concerns a subject's ability to make a mental construct of an amount of food that is not present in reality, and to relate that to a photograph; memory will affect the precision of the conceptualization. All these three elements will be affected by the number of different portion sizes, their placement in the food atlas, the dimension of each photograph and the camera angle by which each of them was framed.
A colour food photography atlas was organized by cooking, weighing and taking digital photographs of three different portion sizes of 434 foods and beverages typical of the Italian diet.
The aim of the study was to test the validity of this photography atlas for quantifying the eaten portion size in dietary epidemiological surveys at a group level, by using both an interviewer-FFQ and a dietary recall, compared with weighed foods.
Methods
Organizing the colour food photography atlas Choice of foods and portions. In all, 434 foods and beverages typical of the Italian diet were chosen according to both a large number of Italian diet recipe books and the most consumed dishes in Italian restaurants and cafeterias as shown in the menus. The aim was to include a wide range of foods for which some aid to portion size assessment would be useful in an interview or questionnaire.
We chose to take photographs of small, medium and large portions that are judged to be representative of the range of portion sizes actually consumed. The medium portion for each food was drawn from the Italian National Food Consumption Survey (Turrini et al, 2001) and from 'the average Italian Reference Standard Portion' reported in the Italian Dietary Guidelines for a Healthy Diet (Linee Guida per una sana alimentazione Italiana, 2003); a coefficient equal to 1 was assigned to this portion. The small and the large portions were identified by multiplying the medium portion weight by a coefficient, respectively, smaller and greater than 1 to the same extent. These coefficients were the same for foods included in the same group, but different among food groups. In order to identify these different coefficients for a wide range of foods, a preliminary study was carried out by showing some food photographs depicting three different portions, computed as described above, to 64 volunteer adult subjects of both sexes and asking them their opinion. The small and the large portions were optimized after the pilot study, according to subjects' opinions, in order to select portions neither too small nor too large.
Foods that needed to be cooked (first and main courses, vegetables and legumes) were weighed before and after cooking. Cooking was carried out in an experimental kitchen close to a room set up as a professional photography studio.
The full range of foods and beverages of the Italian diet included in the photography atlas (n ¼ 434) were the following: 47 first courses (pasta, rice, soups and starch dishes), 84 main courses (meat and meat products, fish and fish products and eggs), 28 cheeses, 49 raw and cooked vegetables, 26 fresh fruits, 36 sweet cakes and desserts, 36 kinds of bread, crackers and breadsticks, 24 sandwiches and hot dogs, 24 pizzas, 10 milk and yogurt, 32 special dishes, 6 sweeteners and jam, 18 condiments and 14 soft and alcoholic drinks.
Food and beverage digital photographs. Digital photographs of the three identified portions were taken under standard lighting conditions in a room set up as a professional photography studio close to the kitchen, using a digital camera (Canon A 50 Power Shot) mounted on a tripod with the lens above the meal plate. All photographs were taken with a camera angle above the horizontal of approximately 451, which was assessed as an average angle of viewing for a subject seated at a dining table.
All foods were prepared in the kitchen, then subdivided into three different weighed portions as previously computed and photographed on a white dining plate or bowl against a white background. Contrast between the white plate or bowl and the white background was achieved through lighting effects. A mat with marked regions for placement of the meal plate was fixed to a white table in front of the camera tripod to ensure standard visibility of the meal in the digital photograph. For beverages, reference lines were drawn on the table to ensure glasses were always photographed in a standard position.
Foods and beverages were always photographed with the exact same angle camera and distance so that photographs were framed constant.
The digital camera was then connected to a computer where photographs were captured and incorporated and then printed in colour. Six photographs of 9 Â 8.5 cm size were placed on each page of the food atlas (three portions for every food); each food and beverage was named and identified by a code number and each portion by alphabetical capital letters (B, D, and F). At the end of the atlas, weights (raw and cooked) of food and beverage portion sizes were listed together with meal recipes of all the dishes.
The overall photographs taken were 894, less than the number expected, as sometimes in the same photograph there is more than one portion or food. This was the case, for example, of bread, ham and salami (different kinds and sizes of bread, or slices of ham and salami put in the same plate, but not always in three portions) or of fruit (two kinds of fruit in the same plate). In this case, each portion or food was identified in the photograph with a small letter of the alphabet.
We chose to illustrate the food atlas with colour photographs knowing that the cost of black and white reproduction is cheaper. Nevertheless, the advantages of a colour food atlas are that it both better reflects the foods consumed and better attracts the subject's attention, especially in a long interview.
Subjects
In all, 448 subjects (247 males and 201 females), aged 6-60 y, from a wide variety of social backgrounds, completed 9075 assessments of food portions eaten at lunch and dinner during 8 weeks of investigation using the set of colour food photographs included in the food atlas. All subjects were volunteers. They were recruited in five different cafeterias in Pavia, Northern Italy, at lunch and dinner time, during working days. Children and adolescents were recruited in school cafeterias, while adults were recruited in university and hospital cafeterias. Preliminary advice about the study was given in the cafeterias. Subjects were informed of the study design and objectives and then written, informed consent was obtained from each individual and from children's and adolescents' parents.
Design of the study
The amount of foods eaten by each individual was recorded in a form and weighed by four trained investigators (dietitians) at the time of serving in the cafeteria, and any waste was weighed at the end of the meal. Beverages were also weighed. Within 5-10 min of the end of the meal, after weighing food waste, subjects were shown photographs depicting portion sizes of each of the foods just consumed. For each food, three photographs showed different portion sizes (small ¼ B, medium ¼ D and large ¼ F); each subject was asked to quantify all foods consumed in relation to one of the three photographs or in terms of virtual portions placed among those shown in the photographs (coded as A, C, E and G). In this way, each subject could choose among seven portion sizes (three depicted and four virtual). The same was asked regarding beverage consumption. The two virtual photographs between those depicted (portions C and E) were quantified as portions whose size was in the middle of the depicted ones. Portions A and G were quantified as portions whose size was a little smaller than B and a little larger than F respectively.
Estimating the food consumed took about 5-8 min for each subject. All the foods served in the school and work cafeterias were included in the food atlas.
Subjects were then asked their age, weight and height.
Statistical analysis
Each analysis was carried out for overall foods and for food categories; data relative to the beverages were analysed using a nonparametric test, because the distribution of the variables was not normal. The histograms of the differences between consumed and estimated portions were plotted to verify if they were normally distributed.
To investigate how consumed portions, age, gender and BMI explain the variability of estimated weights, a multiple regression analysis was carried out: the estimated weight was the dependent variable and the actual weight, the age, the gender and the BMI were the independent variables.
Pearson's correlation coefficient was computed to verify the relationship between actual and estimated weights and to asses the validity of the estimated weights using photographs; for the beverage category, Kendall's nonparametric tau B was used.
To test whether the estimation method significantly overestimated or underestimated the consumed portion sizes, the t-test was used comparing estimated weights with actual weights; for the beverage category, Wilcoxon's nonparametric test was used.
Food photographs for quantifying food portion sizes G Turconi et al Bland-Altman regression (Bland & Altman, 1986 ) was used to measure the agreement between estimated and consumed portions; the 95% limits of agreement and the 95% confidence interval (CI) were calculated. For the beverage category, median value and 2.5th and 97.5th percentiles were computed.
The computer software program used for statistical analyses was SPSS/PC þ (vers. 12.0).
Results
All of the subjects successfully completed the estimations during the period of study. ) for both sexes. Nevertheless, 27.2% of males and 14.5% of females are overweight and 1.2% of males and 2.0% of females are obese, and in the whole sample prevalence of overweight and obesity is 21.4 and 1.6%, respectively.
The overall food assessments were equal to 9075: 3502 (38.6%) were carried out by subjects aged 6-11 y, 3469 (38.2%) by subjects aged 12-19 y, 1311 (14.5%) by subjects aged 20-40 y and 793 (8.7%) by subjects aged 41-60 y. The overall assessments were grouped in the following food categories: first courses (n ¼ 3513), including pasta, rice, pizza and starch dishes; main courses (n ¼ 2068), including meat and meat products, fish and fish products, eggs and cheese; raw and cooked vegetables (n ¼ 1944); fresh fruit (n ¼ 1149); bread and breadsticks (n ¼ 356) and beverages (n ¼ 45), including wine and beer. Only a few beverage estimations were made because most of the adults drank only mineral water. Mineral water consumption was not investigated, and so only wine and beer were assessed.
Out of 434 foods and beverages shown in the food atlas, 73% of them were used, while 27% were not used by participants.
Photograph selections were 5123 equal to 56.5%, while virtual portion size selections were 3952 equal to 43.5%. The frequency distribution of photograph/virtual portion size selection was the following: portion A ¼ 17.2%, portion B ¼ 26.5%, portion C ¼ 14.4%, portion D ¼ 21.0%, portion E ¼ 8.9%, portion F ¼ 9.0% and portion G ¼ 3.0%.
Statistical analysis was carried out on the overall foods and on food categories.
Multiple regression analysis shows that weights of portion sizes estimated by the set of photographs are significantly associated to weights of eaten portions (b ¼ 0.81; R 2 ¼ 0.70) and are independent of age, gender and BMI: in fact, adding these variables in the model, R 2 value does not change. The association is particularly high (r Pearson's coefficient 40.75; Po0.05) for the overall foods ( Figure 1 ) and main courses, vegetables, bread and beverages (Table 2) , while it was equal to 0.64 for first courses and equal to 0.51 for fruit. For each food category, Table 3 shows the mean weight of both estimated and weighed portions, the difference between estimated and actual weights in grams and in percentage, and the significant difference using the paired t-test. All food categories are overestimated, except bread, which is underestimated. Owing to the very large number of observations, the estimated weights differ in a statistically Food photographs for quantifying food portion sizes G Turconi et al significant way from the actual weights (Po0.05) for all foods, except for bread (P ¼ NS). Moreover, estimated and consumed portions across all food categories were compared using Bland-Altman regression as shown in Figures 2-8 and in Table 4 . For all foods and first courses (Table 4) , limits of agreement are wide because the dispersion is increasing while weights are rising. On the contrary, the limits of agreement in the other food groups are smaller. In Table 4 , CI values show that mean difference estimations are very precise except for beverages for which these statistical parameters could not be computed.
There was no single food or set of assessments, nor any of the three portion sizes, that was more problematic than another. Subjects reported that the photographs were clear, the dimension as well as the camera angle and the number of portion sizes were adequate, and that colour photographs may be more attractive than black and white, especially in a long interview, as they help to hold a subject's attention.
Discussion
The sample was wide and varied including children, adolescents and adults from different social backgrounds. They were all volunteers who knew of the general objectives of the study. While they cannot be said to be representative of the population as a whole, they represent a good crosssection of people from all periods of life, except for very young children and old people. We could not carry out the study on the elderly due to a lack of collaboration from institutions for the elderly.
There is no reason to suppose that our subjects are different from the general population with regard to their Food photographs for quantifying food portion sizes G Turconi et al perception of food from photographs. As there was no single food or set of assessments, or any of the three portion sizes, that was more problematic than another, we can deduce that the methodology used in identifying the different portions (photographs and virtual ones) was good.
The most selected portion size was the small one (B ¼ 26.5%), followed by the medium one (D ¼ 21.0%) and then by the two virtual portions A (17.2%) and C (14.4%); portions E and F were selected to the same extent (8.9 and 9.0%, respectively) and the virtual portion G was the less selected (3.0%). This could reflect sample composition, in which lower age groups being the most represented, the largest number of assessments was carried out by the younger subjects that normally eat less than the adults. Food photographs for quantifying food portion sizes G Turconi et al
As virtual portion size selection was high, except for portions E (8.9%) and G (3.0%), we can affirm that even three photographs are sufficient to satisfy a large range of portion size selection.
Most of the subjects are of normal weight and age, gender or BMI does not influence food weight estimation. Our results are in disagreement with the results of Nelson (Nelson et al, 1994 (Nelson et al, , 1996 , who found that age, sex and BMI are potentially important confounders when estimating food consumption, using eight portion size photographs. We can argue that our photography food atlas can be used without any difference by people of both sexes and different ages, except by children under 6 y old and the elderly aged over 60 y for whom a validation study is required. With regard to BMI, even though it does not influence food weight estimation, we can not know if the food atlas is appropriate Food photographs for quantifying food portion sizes G Turconi et al also for obese subjects, as they are very few in our sample (1.6%). In fact, it is well known from the literature data that obese subjects tend to underestimate their food consumption (Prentice et al, 1986 (Prentice et al, , 1989 Bandini et al, 1990; Hultén et al, 1990; Turconi et al, 1999) . The significant association between the weights of estimated portion sizes and of portions eaten is strong for foods overall (r Pearson's coefficient ¼ 0.82) and among food categories, especially for main courses (r ¼ 0.81), vegetables (r ¼ 0.76), bread (r ¼ 0.82) and beverages (r ¼ 0.82). All food categories tended to be overestimated except bread, which tended to be underestimated. The lighter association for the first courses (r ¼ 0.64) can be ascribed to the big volume of these meals in the plate also for small portions, so that even a difference of 50 g can be hard to estimate. This fact is confirmed by our Bland-Altman correlation data showing that, for first courses, the dispersion is increasing while weights are rising, as already reported by other authors (Williamson et al, 2003) . Nevertheless, even big differences in cooked weights of pasta, rice and starchy dishes turn into a light difference in raw weights so as not to modify to a significant extent nutrient and calorie content computation for the diet. On the other hand, the lighter association for fruit (r ¼ 0.51) can be explained by the shape of each fruit that sometimes does not allow the weight difference to be shown. Nevertheless, the mean differences between estimated weights and eaten food portions are of only þ 23.2 g ( þ 11.2%) for first courses and þ 3.5 g ( þ 2.2%) for fruit.
All mean differences are in the range of þ 15.9% (for vegetables) and À2.7% (for bread), equal to þ 17.5 and À1.3 g, and they are all significantly different (Po0.05) except bread. The significant differences between mean estimated and actual weights can be explained with the very large number of observations. It can be said that the emerged mean difference is in a very small range so that it influences neither the estimation of food consumption nor the classification of individuals in the same centile of intake in a significant way. Bland-Altman's limits of agreement for the food groups other than for first courses are small enough for us to be confident that the photographs can be used in place of the weighed method.
Our results show that the applicability of the method is more suitable for a groups of subjects in epidemiological dietary surveys than for individuals, for whom the weighed method should be suggested.
Owing to the very small errors occurring between estimated and eaten food portion sizes, we can argue that photographs are clear, the placement in the atlas (six photographs in each page), the dimension as well as the angle camera are adequate and that colour photographs may be more attractive than black and white ones.
The food photographs presented in three portion sizes, also allowing virtual portions to be chosen, up to a total of seven, seems to be appropriate to estimate food consumption in agreement with other authors (Faggiano et al, 1992; Navarro et al, 2000) without turning to a larger number of portions as some other authors did (Nelson et al, 1994 (Nelson et al, , 1996 .
In conclusion, our findings support the validity of using this colour food photography atlas at a group level as a tool for quantifying food portion sizes in epidemiological dietary surveys on different age groups of Italian subjects. Food photographs for quantifying food portion sizes G Turconi et al
